Differences between female and male brains exist across the animal kingdom and extend from molecular to anatomical features. Here we show that sexually dimorphic anatomy, gene expression and function in the nervous system can be modulated by past experiences. In the nematode Caenorhabditis elegans, sexual differentiation entails the sex-specific pruning of synaptic connections between neurons that are shared by both sexes, giving rise to sexually dimorphic circuits in adult animals 1 . We discovered that starvation during juvenile stages is memorized in males to suppress the emergence of sexually dimorphic synaptic connectivity.
Representative images shown (Extended Data Fig. 1a ). While we observed a decrease in synaptic puncta in starved PHB > AVA hermaphrodites, this was not consistently reproducible across experimental replicates and thus is likely to represent an experimental artefact. c, The male-specific PHB > AVG and AVG > DA9 synaptic connections are pruned normally in post-dauer adult hermaphrodites. Representative images shown (Extended Data Fig. 1a ). d, Starvation in the L1 or L3 stages, but not during L4, results in a failure of pruning of PHB > AVA and PHA > AVG in males. Animals were starved for 24 h (12 h of starvation was insufficient to affect malespecific pruning). Data shown as mean ± s.d. 'No starvation' shows progeny of starved animals as controls. n = number of animals, shown above each data point.
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During sexual maturation, nervous systems develop a number of sexually dimorphic features. We investigated whether sexually dimorphic maturation of the nervous system is modulated by early-life experience in the two sexes of C. elegans, male and hermaphrodite 2 . Among the most notable sexual dimorphisms in C. elegans are sex-specific patterns of synaptic connectivity 3, 4 . These sex-specific wiring differences arise during sexual maturation (the L4 stage) via sex-specific pruning of 'sex-hybrid' juvenile connectivity 1, 4 (Fig. 1a ). We found that early-life experience alters sex-specific synaptic pruning. Specifically, adult males that passed as sexually immature juveniles through a developmental arrest stage induced by unfavourable external conditions display no sex-specific pruning of the normally hermaphrodite-specific PHB > AVA and PHA > AVG synaptic connections ( Fig. 1b , Extended Data Fig. 1a, b ). By contrast, normally male-specific connections are pruned in hermaphrodites that passed as juveniles through this dauer stage (Fig. 1c) . These observations suggest a sexually dimorphic sensitivity to the memory of environmental stress. While a number of stressors had no effect on male-specific synapse pruning (Extended Data Fig. 1c ), starvation of males (but not hermaphrodites) at early juvenile stages fully recapitulated the effect of dauer passage on male-specific synapse pruning ( Fig. 1d , Extended Data Fig. 1d ). By contrast, starvation during the L4 stage did not result in defects in male-specific synaptic pruning ( Fig. 1d ). Synaptic pruning is first observable in the L4 stage 1 , demonstrating that starvation prevents pruning if the stress occurs before its onset, but does not halt or reverse synaptic pruning.
The PHB phasmid sensory neurons modulate the avoidance response to noxious chemicals (for example, sodium dodecyl sulfate (SDS)) via synapses onto the AVA command interneurons in juvenile animals of both sexes and in adult hermaphrodites; in adult males, pruning of the PHB > AVA synaptic contacts eliminates this behavioural output 1, 5 . Juvenile-starved adult males retain the ability to respond to SDS, as predicted by the failure to prune PHB > AVA ( Fig. 2a ). By contrast, males starved during adulthood (after pruning has already occurred) do not show any change in SDS avoidance behaviour ( Fig. 2a ), consistent with normal PHB > AVA pruning. Thus, a starvation experience allows males to retain juvenile sensory acuity and results in the loss of an adult behavioural sexual dimorphism. However, maintenance of juvenile sensory acuity affects other behaviours in the adult male. Adult males differ from adult hermaphrodites in that they search for, and mate with, hermaphrodites 6, 7 . Following juvenile starvation, males display a defect in maintaining contact with hermaphrodites during mating, a phenotype previously associated with ablation of AVA (the command interneuron postsynaptic to both PHA and PHB) 8 (Fig. 2b , Extended Data Fig. 2b ). Overall, adverse juvenile experience prevents male-specific synaptic pruning and increases noxious sensory responsiveness, but also decreases male mating efficiency.
In C. elegans, several feeding-dependent behaviours, such as locomotion and aversive memory, are known to be modulated by the monoamines serotonin and octopamine: serotonin signals well-fed conditions (similar to vertebrates) and octopamine (similar to norepinephrine in vertebrates 9 ) signals starvation 10, 11 . To investigate whether monoamine signalling regulates male-specific synaptic pruning, we supplemented well-fed animals with exogenous octopamine during the L1 stage and found that this mimicked starvation, suppressing male-specific synaptic pruning of the PHB > AVA and PHA > AVG connections ( Fig. 3a , Extended Data Fig. 3a ). Conversely, starving L1 animals in the presence of exogenous serotonin showed normal male pruning of the PHB > AVA and PHA > AVG connections, as well as retaining the SDS avoidance behavioural dimorphism (Figs. 2a, 3a). Consistent with this result, pruning was also rescued in males that were starved in the presence of the selective serotonin reuptake inhibitor fluoxetine or in mod-5/SERT mutants, which show increased extracellular serotonin 12 (Fig. 3b , Extended Data Fig. 3b , c). No pruning defects were observed in males defective for dopamine production (Extended Data Fig. 3d ).
The effects of exogenous octopamine and serotonin on pruning suggest that monoamine signalling is involved in regulating male-specific synaptic pruning, but do not address the requirement for endogenous octopamine and serotonin. Therefore, we measured the expression of the rate-limiting enzymes of octopamine and serotonin synthesis. In larval C. elegans, octopamine is produced exclusively in the sex-shared RIC interneuron class by tyramine-β-hydroxylase (encoded by tbh-1) 13 Letter reSeArCH starvation at either the adult 14 or L1 stage ( Fig. 3c ) increases transcription of tbh-1 (Fig. 3c , Extended Data Fig. 4a ). The expression of the serotonin-synthesizing enzyme tryptophan hydroxylase (encoded by tph-1) is also dependent on starvation, at least in adult animals 15 , with an octopamine receptor conveying the starvation signal 16 . At the first larval stage, tph-1 is expressed exclusively in two sex-shared classes of serotonin-producing neurons, the bilateral NSM and ADF neuron pairs 15 . Under well-fed conditions, a tph-1 fosmid reporter was dimorphically expressed in both NSM and ADF, with L1 males showing higher expression than hermaphrodites ( Fig. 3d , Extended Data Fig. 4b ).
Upon starvation during L1, tph-1 expression decreases acutely in male ADF neurons, but not NSM neurons ( Fig. 3d , Extended Data Fig. 4b ).
Addition of exogenous octopamine to otherwise well-fed animals mimicked the effect of starvation on tph-1 transcription in male ADF neurons ( Fig. 3d ), whereas the addition of tyramine did not (Extended Data Fig. 4c ). Confirming the effects observed with a tph-1 reporter transgene, single-molecule fluorescent in situ hybridization (smFISH) of endogenous tph-1 mRNA also revealed sexually dimorphic expression in ADF neurons, as well as a transcriptional decrease (in ADF, but not NSM) following starvation in L1 (Extended Data Fig. 4d ). Unlike the upregulation of the octopamine-producing tbh-1 gene, downregulation of tph-1 reporter expression persisted even after animals were returned to food (Extended Data Fig. 4a, e ). Furthermore, in continuously fed animals, tph-1 expression peaks during the L3 stage in both sexes (the onset of sexual maturation), whereas tbh-1 expression is unchanged over the course of development (Extended Data Fig. 4a, e ). Notably, this upregulation never occurs in L1-starved animals, and this starvation memory is dependent on tbh-1 and, thus, on octopamine production (Extended Data Fig. 5a ). We also observed decreased tph-1 transcription in ADF but not NSM during the L3 stage in SER-6 octopamine receptor mutants, corroborating the relevance of octopamine signalling for regulating serotonin levels during sexual maturation (Extended Data Fig. 5b ). Conversely, exogenous serotonin did not suppress the upregulation of tbh-1 (Extended Data Fig. 5c ). Demonstrating the functional relevance of persistent serotonin downregulation, male-specific pruning defects in L1-starved animals were rescued by supplementation of exogenous serotonin during the L3 stage (after the animals had been returned to food; Extended Data Fig. 6a ). We conclude that a temporary increase in starvation-induced octopamine production triggers a long-term alteration in serotonin production.
To further investigate whether levels of serotonin production in the sex-shared ADF neuron regulate sex-specific synaptic pruning during male sexual maturation, we also used neuron-specific promoters to overexpress tph-1 in NSM or ADF during L1 starvation. Overexpression of tph-1 in ADF, but not in NSM, rescued sex-specific pruning of PHB > AVA and PHA > AVG synapses in males that had been starved ( Fig. 3e , Extended Data Fig. 6b , c). Through selective removal of serotonin production from either NSM or ADF neurons (using cell-specific tph-1 mutant rescue experiments and genetic elimination of either NSM or ADF; Fig. 3f , Extended Data Fig. 6d , e), we found that serotonin production specifically in ADF is not only sufficient but also required to modulate neuronal male-specific synaptic maturation. This analysis also revealed that NSM-secreted serotonin has an earlier role in phasmid neuron migration and morphology (Extended Data Fig. 6d ). 
To investigate how serotonin signals from the ADF neurons in the head to the phasmid-interneuron connections in the tail, we analysed PHA > AVG and/or PHB > AVA connectivity in males mutant for each of the four metabotropic serotonin receptors in C. elegans 17, 18 . In well-fed males lacking the ser-4/5-HT1A receptor, juvenile synaptic connectivity was maintained, phenocopying juvenile starvation ( Fig. 4a , Extended Data Fig. 7a ). This phenotype was neither enhanced by juvenile starvation nor rescued by exogenous serotonin in ser-4 mutants, suggesting that the ser-4 serotonin receptor acts directly and nonredundantly downstream of the feeding cue (Extended Data Fig. 8a ). Furthermore, tph-1 transcription levels were unaffected in the ser-4 mutant, confirming that ser-4 does not feed back onto serotonin production itself (Extended Data Fig. 8b) .
In both C. elegans and vertebrates, ser-4/5-HT1A responds to extrasynaptic serotonergic signalling 19, 20 , raising the possibility that serotonin from ADF neurons might directly modulate phasmid connectivity. Using smFISH probes against ser-4 mRNA, we identified ser-4 transcripts in several neurons, including PHB but not PHA neurons, and detected no signals in ser-4 mutants (confirming probe specificity) ( Fig. 4b , Extended Data Fig. 7b ). To determine whether ser-4 exerts its role neuron-autonomously within the phasmid sensory circuit, we performed cell-specific rescue experiments. We found that AVA-driven ser-4 was unable to rescue PHB > AVA pruning in ser-4 mutants, but that expression of ser-4 in PHB rescued the pruning defect, consistent with a cell-autonomous function (Fig. 4c , Extended Data Fig. 7a ).
Serotonin signalling can also act non-cell-autonomously in the phasmids to modulate synaptic pruning. Specifically, we found that PHB-expressed ser-4 rescued pruning of the PHA > AVG connection ( Fig. 4c , Extended Data Fig. 7a ). Moreover, although we found that ser-4 was expressed in the PHB but not PHA neurons, expression of ser-4 in PHA rescued the PHA > AVG pruning defect ( Fig. 4c , Extended Data Fig. 7a ). The extensive, male-specific gap junctions that connect the PHA and PHB neurons 3,4 may allow PHA and PHB to readily cross-communicate a signal from a serotonin receptor.
Early-life stress is known to have long-lasting effects in vertebrates 21 , and this also involves serotonin signalling 22 . For example, prenatal stress in mouse models of human serotonin transporter variants affects adult memory, anxiety and depressive-like behaviour 23 . Fig. 7b . c, Expression of ser-4 cDNA in PHB or PHA rescues the PHB > AVA and PHA > AVG pruning defects, respectively. Two independent transgenic lines were evaluated for each promoter. d, Summary of effects of feeding (left) and starvation (right).
Yet although both behavioural effects and some molecular effects of early-life stress in vertebrates have been identified, it has been difficult to link specific molecular changes to corresponding behavioural outcomes, a notion further confounded by complex contributions of genetic background 22 . Here we show that a juvenile starvation stress results in lasting circuit and behavioural effects in adult male, but not hermaphrodite, C. elegans by affecting serotonin levels during sexual maturation (Fig. 4d ). We find that serotonin normally signals extrasynaptically to act as a cue for male-specific synaptic pruning. These results provide insight into both how temporary early-life stress can result in specific lasting changes to the nervous system and how stress can intersect with sexual maturation and result in differential effects between the two sexes, a feature that has also been observed in vertebrate models 21, 22 . We anticipate that still-unknown genetic components underlying the many differences in sexual maturation between the two sexes of both C. elegans and vertebrates will shed light on the sexually differential sensitivity to juvenile starvation and other early-life stress.
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Strains. Wild-type strains were C. elegans variety Bristol, strain N2. Worms were maintained by standard methods 25 . Worms were grown at 20 °C on nematode growth media (NGM) plates seeded with bacteria (Escherichia coli OP50) as a food source. GRASP and iBLINC reagents have been previously described 1, 26, 27 . A detailed list of all mutant and transgenic strains used is available in Supplementary  Table 1 . Cloning and constructs. To generate pEAB42 (srg-13p::ser-4::SL2::tagRFP), ser-4 cDNA was amplified off pEAB69 (ser-4 cDNA in pUC57) and inserted into pEAB6 (srg-13p::fem-3::SL2::tagRFP) using restriction-free cloning to replace the fem-3 cDNA. To generate pEAB43 (gpa-6p::ser-4::SL2::tagRFP), pEAB59 (flp-18p::ser-4::SL2::tagRFP), and pEAB60 (inx-18p::ser-4::SL2::tagRFP), the srg-13 promoter was digested out of the SphI-XmaI sites of pEAB42 and each promoter was ligated in (from pEAB1 (2.2 kb upstream of srg-13 fused to wCherry), pEAB3 (2.6 kb of the gpa-6 promoter fused to GFP), pEAB10 (3.1 kb of the flp-18 promoter fused to GFP), and pMO10 (intron 2 of inx-18 with the AIY enhancer site deleted 1 fused to wCherry).
pKA805 (psrh-142::tph-1::GFP) and pKA807 (pceh-2::tph-1::GFP) were gifts from K. Ashrafi. Microscopy. Worms were anaesthetized using 100 mM sodium azide (NaN 3 ) and mounted on 5% agar on glass slides. Worms were analysed with Nomarski optics and fluorescence microscopy, using a Zeiss 880 confocal laser-scanning microscope. Multidimensional data were reconstructed as maximum intensity projections using Zeiss Zen software. For GRASP experiments, animals were imaged using a 63× objective and puncta were quantified by scanning the original full Z-stack for distinct dots in the area where the processes of the two neurons overlap. GRASP experiments were scored blinded to genotype for mutant analysis and rescue array analysis, and experimental condition for starvation, heat stress, hyperosmotic stress and serotonin rescue experiments. For fluorescence intensity experiments, animals were imaged using a 40× objective with fixed imaging settings and quantification was performed using the Zeiss Zen software by measuring the mean fluorescent intensity of the neuronal cell body in the centre Z-slice of each neuron, and then averaging the intensity of the left and right neurons of each pair to control for differences based on Z-position. The sex of L1 animals was determined using rectal epithelial cell morphology and/or coelomocyte position. Fig. 6d . All experiments were repeated independently (technical replicates) a minimum of twice with similar results; any case for which replication failed is indicated in the corresponding figure legend. Within each figure, all datasets contain only representative biological replicates. No statistical method was used to determine sample size and animals were not randomized into trial groups. Starvation and neurotransmitter assays. L1 starvation assays were performed by plating a synchronized population of embryos (following hypochlorite treatment of gravid adults) onto unseeded NGM and allowing 12 h at 20 °C for embryo hatching, followed by 24 h at 20 °C for starvation (unless otherwise noted) before transfer onto seeded NGM by washing L1 animals using M9 buffer. Later starvation assays (L3, L4, adult) were performed by washing synchronized populations grown at 20 °C off seeded NGM plates using M9 buffer, performing at least 3 washes in M9 at 510rcf to remove OP50, and then plating animals on NGM plates without bacto-peptone to prevent the growth of any residual OP50 for 24 h before transfer back to seeded NGM.
For neurotransmitter assays, all drugs were mixed into NGM medium (for serotonin starvation assays, without bacto-peptone) before pouring to a final concentration of 20 mg/ml (octopamine), 5 mM (serotonin), 5 mM (tyramine) or 0.1 mg/ml (fluoxetine). Drugs used were 5-hydroxytryptamine hydrochloride (Sigma-Aldrich catalogue #H9523), (1)-octopamine hydrochloride (Sigma-Aldrich catalogue #O0250), tyramine hydrochloride (Sigma-Aldrich catalogue #T2879), and fluoxetine hydrochloride, USP (Spectrum Chemical catalogue # F1200). L1 animals were synchronized onto drug-containing plates identically to starvation assays (above) and then transferred onto plain seeded NGM plates 24 h post-hatching. L1 heat stress assay. Heat stress assays were performed by transferring synchronized, well-fed L1 animals (6 h post-hatching) to a 35 °C incubator for 30 min, and then recovering plates at 20 °C until adulthood. L1 osmotic stress assay. Hyperosmotic stress assays were performed by growing L1 animals on plates containing 200 mM NaCl for 24 h after hatching (in the continuous presence of food) and then transferring animals to standard NGM plates until adulthood. SDS-avoidance behaviour. The SDS avoidance assay was based on procedures as described 5 . A small drop of solution containing either the repellent (0.1% SDS in M13 buffer) or buffer (M13 buffer: 30 mM Tris-HCl pH 7.0, 100 mM NaCl, 10 mM KCl) is delivered near the tail of an animal while it moves forward. Once in contact with the tail, the drop surrounds the entire animal by capillary action and reaches the anterior amphid sensory organs. The drop was delivered using 10-µl glass calibrated pipets (VWR international) pulled by hand on a flame to reduce the diameter of the tip. The capillary pipette was mounted in a holder with rubber tubing and operated by mouth. Assayed worms were transferred individually to fresh non-wet unseeded NGM plates. Each assay started by testing the animals with drops of M13 buffer alone. The response to each drop was scored as reversing or not reversing. The avoidance index is the number of reversal responses divided by the total number of trials. An interstimulus interval of at least two minutes was used between successive drops to the same animal. Each animal was tested ten times, and all animals that survived all ten trials were included in the datasets. Two biological and technical replicates were performed for each experiment. Each replicate began with n = 40 animals for each condition. Mate-searching behaviour. The male-leaving assay was based on procedures as described 6 . Males were separated from hermaphrodites at the L4 stage and transferred to assay plates 24 h later. Assays were performed on NGM plates (5 cm diameter) and seeded with 20 µl OP50 to create a small lawn that was allowed to grow overnight. Distance from the lawn was recorded every 3 h over a total assay period of 12 h, and then mean distance from the lawn was calculated for each assayed male. Two biological and technical replicates were performed for each experiment. Mating behaviour assays. Mating assays were based on procedures as described 7 . Males were picked at the L4 stage and kept apart from hermaphrodites for 24 h, either following 24 h of starvation during L1 or not. One male was transferred to a plate covered with a thin fresh OP50 lawn containing 10-15 adult unc-31 (e928) hermaphrodites. These hermaphrodites move very little, allowing easy recording of male behaviour. Hermaphrodites were also isolated from the opposite sex at the L4 stage and used 24 h later, and were always well-fed. Animals were monitored and the sequence of events was recorded within a 10 min window or until the male ejaculated, whichever occurred first. Males were digitally recorded using the Exo Labs model 1 camera mounted on Nikon Eclipse E400 compound microscope with long-distance ×20 lenses. Per cent efficiency (per mating behaviour step) = 100 × (number of successful performances of mating behaviour step/number of times the male attempted the mating behaviour step). Per cent loss of hermaphrodite contact = 100 × (number of times male lost contact with hermaphrodite and eventually re-initiated the mating sequence/ number of hermaphrodites the male contacted during assay). Two biological and technical replicates were performed for each experiment. Single molecule fluorescent in situ hybridization (smFISH). smFISH was performed as described 28 . In brief, L1 larvae (6 h post-hatching on food for control or 24 h starved for L1 starved) were washed off NGM and fixed (4% PFA) for 45 min at room temperature. Fixed worms were washed twice with PBS, resuspended in 70% ethanol, and incubated over two nights at 4 °C. The fixed sample was centrifuged and incubated with wash buffer for 5 min. After wash buffer was removed, hybridization buffer containing the ser-4 or tph-1 and ric-4 probes (designed using the Stellaris RNA FISH probe, ser-4 and tph-1 conjugated to CalFluor 590, ric-4 conjugated to Quasar 670, from Biosearch Technologies) was added to the sample. The sample was incubated overnight at 37 °C. The sample was subsequently incubated in wash buffer with DAPI for 30 min at 37 °C protected from light. The sample was suspended in 2× SSC and then resuspended in GLOX buffer for 2 min. The sample was then resuspended in GLOX buffer to which glucose oxidase was added. The sample was then mounted and imaged immediately. Images were acquired using an automated fluorescence microscope (Zeiss, AXIO Imager Z.2) with a 63× objective. Acquisition of Z-stack images (each slice 0.3 µm thick) was performed with ZEN 2 pro software. Representative images are shown following max-projection of Z-stacks in Zeiss Zen software. Puncta were quantified by scanning through the Z-slices sequentially in Zeiss Zen software. Each staining experiment was performed with two biological and technical replicates.
For ser-4 smFISH, osm-6::gfp (oyIs59) labels all ciliated sensory neurons and was used to identify the phasmid neurons. Identification of DVC and anal depressor muscle (mu) was based on a previously published ser-4 transcriptional reporter 19 . The number of smFISH puncta in one PHB neuron was normalized to the number of puncta in DVC (in the same animal) to control for staining fluctuations.
For tph-1 smFISH, NSM and ADF neurons were identified by their stereotyped position, and smFISH puncta colocalizing with the DAPI-stained nuclei were quantified. Reporting summary. Further information on experimental design is available in the Nature Research Reporting Summary linked to this paper. Magenta bars indicate median, black boxes indicate quartiles. P values calculated by two-tailed t-test. By contrast, we did find mate-searching defects in adult males following recovery from dauer, suggesting that these males may have additional changes to the nervous system (data not shown). 
Letter reSeArCH
Extended Data Fig. 3 | Effects of starvation and exogenous or endogenous monoamine signalling on synaptic connectivity. a, The normally hermaphrodite-specific PHB > AVA and PHA > AVG synaptic connections fail to prune in adult males following L1 starvation or treatment with exogenous octopamine during L1, but can be rescued by exogenous serotonin during L1 starvation. Top, red cytoplasmic axon label; middle, GRASP (PHB > AVA) or iBLINC signal (PHA > AVG); bottom, magnified inset of colour-inverted synaptic puncta with arrowheads to indicate puncta. Scale bars, 10 µm, all panels. Representative images shown; for quantification and replication, see Fig.  3a and Methods. b, Increases in extrasynaptic 5-HT through fluoxetine suppresses the failure to prune synapses. Quantification of PHB > AVA synaptic connectivity in adults following exposure to fluoxetine during L1 (on food), L1 starvation without fluoxetine, or L1 starvation in the presence of exogenous fluoxetine (0.1 mg ml -1 ). Each dot represents one animal (n = number of animals, shown in each column), blue bars show median, black boxes represent quartiles, vertical black lines show range (b, d). P values calculated by two-sided Wilcoxon rank-sum test with Bonferroni corrections for multiple testing (where applicable; see Methods). c, The effect of L1 starvation on male-specific synaptic pruning is rescued in the mod-5 mutant background. Representative images shown; for quantification and replication, see Fig. 3b and Methods. d, Loss of dopamine production (in a mutant for the cat-2 tyrosine hydroxylase) has no effect on the pruning of the PHB > AVA and PHA > AVG connections in males. Extended Data Fig. 4 | Effects of starvation on transcription of tbh-1  and tph-1. a, Time-course of tbh-1 transcriptional levels in fed (solid lines) and L1-starved (dashed lines) animals. tbh-1 levels are even higher after 24 h of starvation than after 12 h of starvation, providing a molecular correlate for our observation that 12 h of starvation is insufficient to affect male-specific synaptic pruning (Fig. 1d ). Larval stages (and hours post-hatching for fed animals or post-transfer to food for starved animals at which imaging took place) shown on DVC Extended Data Fig. 7 | ser-4 expression in PHB is permissive for synaptic pruning. a, The normally hermaphrodite-specific PHB > AVA and PHA > AVG synaptic connections fail to prune in ser-4 mutant males, but pruning can be rescued by cell-specific expression of ser-4 cDNA in PHB or PHA. Top, red cytoplasmic axon label; middle, GRASP (PHB > AVA) or iBLINC signal (PHA > AVG); bottom, magnified inset of colour-inverted synaptic puncta with arrowheads to indicate puncta. Scale bars, 10 µm, all panels. Representative images shown; for quantification and replication, see Fig. 4c and Methods. b, ser-4 smFISH puncta are present in PHB in both sexes at L1. Three consecutive individual z-slices taken from the maximum intensity projections in Fig. 4b are shown, moving laterally through each animal from top to bottom rows. Dotted circles outline the PHB nuclei (DAPI) identified using osm-6::gfp (see Fig. 4b ). Arrowheads in the top row indicate the locations of ser-4 puncta, which fade out of focus as the slices progress laterally. For quantification and replication, see Fig. 4b and Methods. n/a Confirmed The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement (animals, litters, cultures, etc.)
A description of how samples were collected, noting whether measurements were taken from distinct samples or whether the same sample was measured repeatedly A statement indicating how many times each experiment was replicated
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